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Solanum mauritianum Scop. produces copious numbers of viable 
seed each year. These seeds are embryo dormant, require an 
after-ripening period, and will not germinate if incubated at con-
stant temperatures. At alternating temperatures of 10-20 °C ap-
proximately 95% of these seeds germinate within four weeks. 
Gibberellic acid substitutes for this alternating temperature re-
quirement and enabled the seeds to germinate at constant 
temperatures of 20, 25 and 30 °C. From the various imbibition ex-
periments performed, it would appear that the seeds require a 
specific threshold level of GA3 to stimulate the resumption of em-
bryo growth. It remains to be established whether or not the 
temperature effect is tied up with the levels of endogenous gib-
berellins within these seeds. 
S. Afr. J. Bot. 1983, 2: 301 - 304 
Solanum mauritianum Scop. produseer elke jaar 'n groot aantal 
kiemkragtige saad. Hierdie sade is embriorustend, vereis in naryp-
wordingsperiode, en kiem nie as hulle by konstante temperature 
gernkubeer word nie. By afwisselende temperature van 10- 20 °C 
het ongeveer 95% van die sade binne vier weke gekiem. Gibberel-
liensuur kan afwisselende temperature vervang en het tot gevolg 
dat die sade by konstante temperature van 20, 25 en 30 °C kiem. 
Uit die verskillende imbibisie-eksperimente wat uitgevoer is wil dit 
lyk asof die GATkonsentrasie van die saad 'n sekere 
drumpelwaarde moet oorskry alvorens embriogroei hervat sal 
word. Daar moet nog bepaal word of die temperatuurinvloed aan 
die natuurlike gibberellienperke in die sade gekoppel is. 
S.·Afr. Tydskr. Plantk. 1983, 2: 301-304 
Keywords: Solanum mauritianum, germination, temperature, gib-
berellic acid 
P .L. Campbell 
Plant Protection Research Institute, Department of Agriculture, 
Private Bag X9059, Pietermaritzburg, Natal, 
3200 Republic of South Africa 
J . van Staden * 
Department of Botany, University of Natal, Pietermaritzburg, 
3200 Republic of South Africa 
*To whom correspondence should be addressed 
Accepted 7 June 1983 
Introduction 
Considerable attention has been given to the germination of 
the seed of Solanaceous species. In general it would appear 
that incubation at constant temperatures is not conducive to 
germination. Alternating incubation temperatures, or stratifica-
tion followed by a higher subsequent incubation temperature, 
have been shown to be beneficial for this process (Wakhloo 
1964; Porter & Gilmore 1976; Roberts & Lockett 1977, 1978). 
In a number of cases, improved germination in the family 
Solanaceae has also been reported following treatment with 
gibberellic acid (Kosikova 1960; Nakamura eta/. 1960; Porter 
& Gilmore 1976; Roberts & Lockett 1977), potassium nitrate 
(Roberts & Lockett 1978) and thiourea (Porter & Gilmore 
1976). 
Solanum mauritianum Scop. (bugweed) is a native of Asia 
which has become a widespread and persistent weed in Natal, 
the Cape Province, Transvaal and Swaziland (Henderson & 
Anderson 1966). The berries, which develop on the in-
florescences, are initially green but become yellow or yellow-
green at maturity. About 20 to 80 berries are found on each 
inflorescence. Each berry contains about 150 seeds of which 
about 9807o are viable. Berries ripen throughout the year and 
as they are eaten by birds, the seeds are dispersed continuously. 
While mechanical and herbicidal treatments are used to ef-
fectively control this noxious weed, the production of copious 
numbers of seeds and their survival in the soil ensure the re-
establishment of this plant. For the introduction of an effec-
tive weed control programme, it is therefore necessary to ob-
tain information about the seed germination of this species. 
Materials and Methods 
Ripe berries of Solanum mauritianum Scop. (bugweed) were 
collected at the edge of Cedara Forest, Natal during the sum-
mer of 1981. In the laboratory the berries were macerated in 
water in a Waring blendor to remove the seeds. All seeds that 
sank after maceration were dried and then stored in brown 
paper bags at ambient temperatures until required. Some 
freshly harvested seeds were immediately stratified under moist 
conditions (5 oq or after-ripened in dry conditions at 20 oc. 
Germination tests were conducted by incubating seeds (four 
replicates of 50 seeds each) on moist filter paper in petri dishes . 
The seeds were incubated under continuous white light (pro-
vided by 'cool white' fluorescent tubes II p,E em - 2 s- 1) or in 
the dark at constant temperatures of 20, 25 or 30 ·oc. In some 
treatments seeds were incubated under a 16-h light:8-h dark 
regime with an alternating temperature of 20:10 oc. Germina-
tion was regarded as complete once the radicle had protruded 
302 
through the covering structures. Radicle protrusion of seeds 
incubated in the dark was examined using a dissecting 
microscope fitted with a green 'safe light' . 
In experiments where applied hormones were used, applica-
tion was effected by moistening the fllter paper with the appro-
priate solution. All the results are expressed as the means ± 
standard error. 
Results 
The surface of the seed coat of bugweed has a reticulate pat-
tern . The coat has every appearance of being porous. In cross-
section it can be seen that it consists of loosely packed schleren-
chyrna cells (Figure 1). When incubated at 25 and 35 oc the 
seeds were fully imbibed within 24 hours. None of these seeds 
germinated and they did not imbibe significant amounts of 
additional water over a period of 28 days (Figure 2). From 
these data and the fact that scarification did not improve ger-
mination, it was concluded that dormancy in this species was 
Figure 1 Scanning electron micrograph of a cross-section of the seed coat 
of Solanum mauritianum. S - seed surface; Sc - schlerenchyma cells; 
E - embryo. 
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not coat imposed but due to the physiological state of the 
embryo. 
To establish whether freshly harvested bugweed seeds re-
quire an after-ripening period, seeds were stored dry at constant 
20 oc or under cold moist (5 oq conditions for 0, 4, 8 or 12 
weeks. At the end of each treatment batches of seed were 
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Figure 2 Water uptake of Solanum mauritianum seeds incubated at 25 oc 
( •- •) and 35 oc ( o --- o ). 
Table 1 The effect of gibberellic acid on the germination(%) of Solanum 
mauritianum seeds. Seeds were stored dry at constant 20 °C for various 
times prior to incubation at different temperatures in the light. The germ ina-
tion response after eight weeks incubation is given 
Germination (OJo) after 8 weeks incubation 
Time in dry Incubation GA 3 concentration (mol dm - 3) 
storage at temperature 
20 °C (weeks) (0 C) 0 2,9 X I0 - 4 1,4 X I0 - 3 
0 20 0 18,0 ± 2,0 86,0 ± 10,7 
4 0 63 ,3 ± 14 ,0 73,0 ± 3,5 
8 0 81,3 ± 5,8 80,0 ± 5,7 
12 0 85,0 ± 6,2 100,0 ± 0 
0 25 0 0 60,0 ± 5,3 
4 0 40,0 ± 5,3 62,5 ± 5,9 
8 0 99 ,0 ± 2,0 96,0 ± 4,9 
12 0 94,0 ± 4,9 94 ,7 ± 4,2 
0 30 0 0 0 
4 0 14,5 ± 4,1 41 ,0 ± 5,8 
8 0 95,5 ± 5,3 91 ,0 ± 6,8 
12 0 83,5 ± 7,9 97 ,5 ± 3,0 
0 10 - 20 0 8,0 ± 2,0 80, 7 ± 8,3 
4 0 55 ,0 ± 3,8 78,0 ± 8, 1 
8 13 ,0 ± 4,2 95 ,0 ± 3,4 81 ,5 ± 9,7 
12 28,0 ± 5,7 93,3 ± 8,1 100,0 ± 0 
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removed and then incubated at 20, 25, 30, or 10-20 oc. After 
eight weeks of incubation at these temperatures none of the 
stratified seeds had germinated. In the case of the seeds which 
were stored dry, 28 ± 5,7fJ!o of those stored for 12 weeks ger-
minated when subsequently incubated at an alternating 
temperature of I 0- 20 oe, At constant temperatures (20 oq 
none of the dry, stored seeds germinated (Table 1). In view 
of this finding all subsequent experiments were conducted with 
seeds which had been stored dry for three months in the dark 
at ambient temperature. None of these after-ripened seeds ger-
minated when incubated at constant temperatures of 20, 25, 
30 or 35 oc. At an alternating I 0- 20 oc temperature regime, 
95fJ!o germination occurred in the light within seven weeks. In 
the dark only 73fJ!o of the seeds germinated (Table 2). 
Table 2 The effect of temperature on the germina-
tion (%)of Solanum mauritianum seeds incubated 
in the light and dark. Seeds were stored at ambient 
temperature for three months prior to use 
Temperature Light / 
Incubation time (week s) 
(oC) Da rk 2 4 6 
L 0 0 0 0 0 0 0 
20;25 ;30;35 
D 0 0 0 0 0 0 0 
L 0 
10 - 20 
0 0 80 ± 10 88 ± 9,6 88 ± 9,6 95 ± 5,8 
D 0 0 18 ± 8,4 50 ± 10 60 ± 8,2 60 ± 8,2 73 ± 5,0 
To establish whether the inhibitory effect of constant 
temperatures and dry storage at 20 oc could be overcome by 
hormonal application, seeds were subsequently treated with 
ethephon (2-chloroethanephosphonic acid), kinetin (6-furfuryl-
aminopurine) or gibberellic acid (GA3). A series of ethephon 
solutions ranging from 0 to I, 7 x 10- 3 mol dm - 3 had no ef-
fect on germination at any of the constant temperatures tested. 
Kinetin applied at 0 to 2,3 x 10- 4 mol dm - 3 also had no ef-
fect. Gibberellic acid not only increased germination at constant 
temperatures but also accelerated the germination response 
(Table 3). Maximum germination occurred within five weeks 
compared with seven weeks in the earlier experiments. Of the 
three GA3 concentrations tested, I ,4 x 10- 3 mol dm - 3 was 
the most effective. While giving a response at the alternating 
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I 0- 20 oc temperature the lowest concentration of GA3(2,9 
x 10- 5 mol dm - 3) was ineffective at all the constant 
temperatures tested. Although the results are not given, the 
effect of GA3 was similar when the seeds were incubated in 
the dark. The exogenous application of GA3 was also effec-
tive as a substitute for the slow after-ripening occurring dur-
ing dry storage at constant 20 oc. The higher the concentra-
tion of GA3, the less time needed in dry storage (Table I). 
As the seeds in the above experiments were subjected to the 
GA3 continuously, and as there was a concentration effect, 
the question did arise as to whether a threshold level of this 
hormone was necessary to elicit a positive response. To 
establish this, seeds were either imbibed in GA3 solutions for 
different periods of time and then incubated at 20 oc on filter 
paper moistened with distilled water, or imbibed in distilled 
water and then subjected to the GA3 solutions. As was found 
in earlier experiments no seeds germinated in the absence of 
GA3 (Table 4). At a GA3 concentration of 2,9 x 10- 4 mol 
dm - 3 seeds only responded if exposed to the hormone for 
nine days. With continuous exposure or if exposed to a higher 
concentration (l ,4 x 10- 3 mol dm - 3) for six days, the 
response was maximal. The results in Table 5 confirm that 
a certain threshold level of GA3 is necessary for the stimula-
tion of seed germination in S. mauritianum. The longer the 
seeds were imbided in distilled water prior to being transfer-
red to GA3 the longer it took before germination occurred. 
Discussion 
The seeds of Solanum mauritianum are embryo dormant and 
they apparently require a short period of after-ripening at dry 
ambient temperatures before there is a significant germination 
reponse. Stratification did not improve germination. For op-
timum germination an alternating temperature of I 0 - 20 oc 
was necessary. In all experiments incubation at constant 
temperatures was detrimental to the germination process. In 
this respect S. mauritianum is similar to other Solanaceous 
species investigated (Wakhloo 1964; Porter & Gilmore 1976; 
Robers & Lockett 1977). At present, however, the degree of 
sensitivity with respect to temperature fluctuation for this 
species is not known. In some weed species amplitudes of I oc 
have been shown to promote germination (Thompson et a!. 
1977). 
While the application of ethephon and kinetin did not have 
Table 3 The effect of gibberellic acid on the germination(%) of Solanum 
mauritianum seeds incubated at different temperatures in the light 
GA3 Incubation time (weeks) 
Temperature concentration 
( OC) (mol dm - 3) 2 3 4 5 
2,9 X I0 - 5 0 0 0 0 0 
20 2,9 X I0 - 4 0 0 50 ± 10 83 ± 5,8 83 ± 5,8 
1,4 X I0 - 3 0 24 ± 5,5 75 ± 7, I 75 ± 7,1 75 ± 7,1 
2,9 X I0 - 5 0 0 0 0 0 
25 2,9 X I0 - 4 0 25 ± 5,8 78 ± 5,0 83 ± 5,8 83 ± 5,8 
1,4 X I0 -3 0 62 ± 15 ,0 86± 11,6 86 ± 11,6 86± 11,6 
2,9 X I0 - 5 0 0 0 0 0 
30 2,9 X I0 - 4 0 60 ± 9,6 94 ± 8,9 94 ± 8,9 94 ± 8,9 
1,4 X I0 - 3 0 87 ± 9,6 92 ± 9,6 92 ± 9,6 92 ± 9,6 
2,9 X I0 - 5 0 13 ± 5,8 56 ± 5,8 92 ± 4,5 96 ± 5,5 
10 - 20 2,9 X I0 - 4 0 22 ± 5,0 85 ± 10,0 92 ± 10,9 94 ± 8,9 
1,4 X I0 -3 0 20 ± 1,0 80 ± 10,0 95 ± 10,0 95 ± 10,0 
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Table 4 The effect of pre-soaking in gibberellic acid on the germination(%) of Solanum mauritianum seeds 
incubated at 20 oc in the light. Seeds were soaked in 2,9 x 10- 4 and 1,4 X 10- 3 mol dm - 3 GA3 for dif-
ferent times and then incubated in distilled water 
GAJ Time Incubation time (weeks) 
concentration soaked 
(mol dm - 3) (days) 2 3 4 5 6 7 
0 0 0 0 0 0 0 0 
2,9 X J0 - 4 3 0 0 0 0 0 0 0 
6 0 0 0 0 0 0 0 
9 0 15 ± 5,8 42 ± 9,6 42 ± 9,6 42 ± 9,6 42 ± 9,6 45 ± 10,0 
Continuous 0 20 ± 5,8 95 ± 5,8 95 ± 5,8 95 ± 5,8 95 ± 5,8 100 ± 0 
0 0 0 0 0 0 0 0 
3 0 0 0 0 0 0 0 
1,4 X JO - l 6 0 17 ± 5,0 33 ± 5,8 40 ± 10,0 60 ± 17 ,0 78 ± 12,5 87 ± 5,0 
9 0 25 ± 7, 1 23 ± 5,8 41 ± 9,6 72 ± 11,0 75 ± 11,6 75 ± 11,6 
Continuous 0 54 ± 5,5 96 ± 5,5 96 ± 5,5 96 ± 5,5 96 ± 5,5 96 ± 5,5 
Table 5 The effect of pre-imbibition in distilled water on the germination (%) of 
Solanum mauritianum seeds subsequently incubated in a GA3 solution of 1,4 x 10 - 3 
mol dm - 3 at 20 oc in the light 
Time imbibed 
in distilled water 
(days) 2 
Continuous GAl 0 36 ± 11 ,6 87 ± 9,6 
I 0 0 45 ± 5,8 
3 0 0 0 
10 0 0 0 
any effect on germination, the application of GA3 not only 
enhanced germination at the alternating temperatures, but it 
was able to substitute for the fluctuating temperatures when 
seeds were incubated at constant temperatures. Similar fmdings 
were reported for Solanum laciniatum and S. aviculare (Porter 
& Gilmore 1976) and S. dulcamara (Roberts & Lockett 1977). 
Experiments with different concentrations of GA3 and different 
ways of administering the applied hormone showed that it 
moved readily through the permeable seed coat and that a 
threshold level of the hormones is necessary to elicit a maxi-
mum germination response. 
Why alternating temperatures and GA3 are able to over-
come the embryo dormancy of Solanum mauritianum is 
presently not known. It is tempting to suggest that the 
temperature response is mediated via endogenous changes in 
gibberellin levels. However, it is also possible that both these 
treatments impinge on the same biochemical reaction which 
is necessary for the resumption of embryo growth. These 
possibilities are currently being investigated. 
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Incubation time (week s) 
4 5 7 9 
95 ± 5,8 95 ± 5,8 95 ± 5,8 95 ± 5,8 
57± 9,6 70 ± 8,2 70 ± 8,2 80 ± 10,0 
36 ± 5,8 63 ± 5,8 92 ± 9,6 92 ± 9,6 
43 ± 11,6 75 ± 5,8 88 ± 8,4 88 ± 8,4 
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